Miniaturized optofluidic platforms play an important role in bio-analysis, detection and diagnostic applications. The advantages of such miniaturized devices are extremely low sample requirement, low cost development and rapid analysis capabilities. Fused silica is advantageous for optofluidic systems due to properties such as being chemically inert, mechanically stable, and optically transparent to a wide spectrum of light. As a three dimensional manufacturing method, femtosecond laser scanning followed by chemical etching shows great potential to fabricate glass based optofluidic chips. In this study, we demonstrate fabrication of all-fiber based, optofluidic flow cytometer in fused silica glass by femtosecond laser machining. 3D particle focusing was achieved through a straightforward planar chip design with two separately fabricated fused silica glass slides thermally bonded together. Bioparticles in a fluid stream encounter with optical interrogation region specifically designed to allocate 405nm single mode fiber laser source and two multi-mode collection fibers for forward scattering (FSC) and side scattering (SSC) signals detection. Detected signal data collected with oscilloscope and post processed with MATLAB script file. We were able to count number of events over 4000events/sec, and achieve size distribution for 5.95µm monodisperse polystyrene beads using FSC and SSC signals. Our platform shows promise for optical and fluidic miniaturization of flow cytometry systems.
INTRODUCTION
Flow cytometers (FCs) firstly appeared in the literature around 1960s 1 . There are many successful industrial products and research articles based on flow cytometers. It plays and important role in the diagnosis and monitoring of various diseases by inspecting, counting, and sorting particles and cells. Important physical and chemical parameters such as particle size and shape, granularity, DNA and protein content are extracted using the interaction of optical light beam while particles passing through flow medium. FCs are considered as an important clinical research tool for malignant epithelial cell immunophenotyping 2 and CD4 T-lymphocyte counting in HIV detection 3 .
An FC consists four main parts: fluid delivery system, optic components, (laser diode, lenses, filters, photodiodes, fibers) electronic parts, (amplifier circuits, signal processing units, computer) and additionally, cell sorting system for specific applications. Fluid delivery system plays an important part since the particles in a FC system need to be aligned in 3D to the center of flow medium in order to avoid clogging and trans-off axial data acquisition. In a flow cytometer 3D focused particles are directed through a flow cell. During their passage from optical interrogation region, they scatter the incident excitation laser light to detectors which are specifically arranged for extracting different features.
The oppositely placed front detector collects forward scattered light (FSC), which is related to cell size and cell surface area. The angled detector/s collect side scatter light (SSC) which is related to cell granularity and complexity. Also fluorescent signal detection from fluorescently labeled cells occurs at side scattering using band pass filters for specific emission wavelengths. State of the art FC systems use bulk optics which have alignment issues, require large sample volumes, are expensive to buy and maintain, and requires qualified user for utilization and maintenance. In the last two decades, there has been great interest in microfluidic lab-on-a-chip systems towards fast bio-analysis and examination while using vastly smaller sample volume. Microfluidic based FCs (MFC) have attracted a great deal of interest in microfluidic system because they are advantageous for aspects of miniaturization, low-cost fabrication and production, small amount of sample requirement, high throughput in the measurement, and operating without a need for qualified operator. It also enables integration of optical elements into one single chip, which is a great opportunity for optical miniaturization.
Microfluidic devices are commonly fabricated with polymers, silicon and glass. Polymers are cost effective and easy to fabricate but suffers from chemical stability for long duration or multiple use applications 4 . Silicon and glass shows better chemical and mechanical stability. However, silicon is opaque to visible light it does not give desired performance for visualization and hence not preferred for optofluidic applications. On the other hand, glass surfaces are chemically inert, mechanically stable, and optically transparent to a wide spectrum of light. Glass-based microfluidic system fabrication with well-known cleanroom fabrication techniques are generally considered costly and time consuming compared to polymer based chip fabrication, Fortunately, femtosecond laser micromachining assisted hydrofluoric acid (HF) etching of transparent glass structures, opens the doors of cost and time reduced fabrication of complex structures in fused silica for microfluidic channels [4] [5] [6] , and monolithic integrated devices [7] [8] [9] .
Mao et al. implemented microfluidic drifting based 3D hydrodynamic focusing system and integrated optical fibers in a miniaturized PDMS based MFC 10 . Testa et al. showed self-aligned 3D hydrodynamic focusing in a fiber based MFC system 11 which constitutes the basis for our 3D hydrodynamic focusing flow cytometry chip. Watts et al. showed and integrated lens system MFC architecture on in order to increase the detection efficiency at light interrogation zone 12 . Jang et al. showed low cost electroosmotically driven flow cytometry chip for dual fluorescent detection although it is not enough for high throughput applications as it serves as a unique conceptual result 13 . Paie et al. implemented femtosecond laser inscribed optical waveguides and femtosecond laser machined buried 3D complex 3D hydrodynamic focusing structure in fused silica which served as microfluidic cell counter device 5 . Recently Zhao et al. showed a PDMS disposable focusing lens and fibers integrated MFC chip for red blood cell and platelet counting application 14 . The common denominator for given and all other examples in the literature is achieving simple and low cost flow cytometry device.
Here we report, femtosecond laser machined, fiber-based fused silica microfluidic based flow cytometer platform supported with 3D hydrodynamic focusing using only one sheath and one sample fluid inlet. We used 5.95µm polystyrene beads in order to measure the performance of device. While hydrodynamically focused 5.95µm polystyrene beads passing through fiber interrogation line we excited with 5 mW optical power and 405 nm wavelength blue laser and we measured FSC signal with photodetector and SSC signal with PMT then calculated coefficient of variation (CV) values. Afterwards, we theoretically showed how focused particle location and particle size variation effects the calculated CV results.
EXPERIMENTAL METHODS

Fabrication
We have reported our femtosecond laser assisted carving (FLAC) fabrication method and detailed steps which provides faster scanning rate for mostly low repetition rate femtosecond laser machining requirements 15 . Also reported article gives great deal of comparison with traditional glass micromachining techniques in terms of machining time, precision, surface roughness, feature size, repeatability, multi-processing capability. Traditional laser radiation techniques require to radiate all 3D shape and takes more time, dependent to volume of design while FLAC only requires side-walls and bottom surface radiation of the design and carving it out with assisted HF etching. In summary, fabrication of miniaturized optofluidic FC microchip starts with CAD design and follows by femtosecond laser irradiation step through high precision automated XYZ stage on a custom made femtosecond laser machining bench. Radiated samples were then immersed into HF solution in order to develop structures. Afterwards, two patterned fused silica slides were bonded to each other with fusion bonding using no adhesive layer with thermal annealing of approximately 7 hours in a furnace at Illustrative dr process is giv two parts and width with sh with 3mm di compared to center microp micropool (F e patterned fu 3D hydrodyn d on to both fa ms but with h der to achieve was partitioned ated (Fig. 2( 
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Our The beads used had a size variation of 5.95±0.12μm. We performed a Monte-Carlo simulation on the effect of standard deviation (0.12μm) to the power variation on the detector (Fig. 8(b) ). If a bead with 5.95μm in diameter passes perfectly at the center of 11μm wide optical beam (which is calculated using Gaussian beam propagation), the power variation is 0%. However, assuming a Gaussian distribution for particle size, the light incident on the fiber also is a Gaussian distribution with a CV of 9.72%. Even a small particle size variation can cause up to 10% change in signal height. Furthermore, we assumed that the particles might also be passing slightly off axis ( Fig. 8(a) ) with a standard deviation of 2μm. Again, based on a Gaussian distribution of particle mislocation, the light on the detector gains a CV of 51.33% (Fig. 8(c) ). According to the simulation results, particle off-axis passing and size distribution are major causes for obtaining FSC and SSC signals with a distribution. Figure 8 . (a) Bead passing through the optical beam and momentarily blocking it. Moving the bead left-right causes the optical power on fiber detector to deviate; (b) The effect of particle size distribution on detector power variation; (c) The effect of particle mislocation on detector power variation.
CONCLUSION
In this study, we presented the design, fabrication and FSC-SSC characterization of fused silica fiber-based on-chip optical detection flow cytometry platform. A very narrow single stream of particles was achieved by self-aligned 3D hydrodynamic focusing with only one sheath and one sample inlet. Stream size variation at a fixed sheath flow rate and variable sample flow rate was achieved between 7-35µm. We achieved over ~4000 events/sec throughput for detected events, at the limits of our system under present conditions. The CV values, flow rate, and number of counted events were compared to a commercial flow cytometer. We performed the test ~20 times faster than commercial flow cytometer at given conditions. Our platform gives relatively close results for SSC CV calculations while lacking the FSC CV calculations. We elaborated on the possible reasons of FSC CV difference in comparison. Applying further adjustments and changes to our fabricated chip could provide a higher throughput, low-cost microfluidic based flow cytometry platform for point-of-care use.
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